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We investigated the occurrence and nature of superconductivity in single crystals of YFe2Ge2
grown out of Sn flux by employing x-ray diffraction, electrical resistivity, and specific heat mea-
surements. We found that the residual resistivity ratio (RRR) of single crystals can be greatly
improved, reaching as high as ∼60, by decanting the crystals from the molten Sn at ∼350◦C and/or
by annealing at temperatures between 550◦C and 600◦C. We found that samples with RRR >
∼
34
showed resistive signatures of superconductivity with the onset of the superconducting transition
Tc ≈ 1.4 K. RRR values vary between 35 and 65 with, on average, no systematic change in Tc
value, indicating that systematic changes in RRR do not lead to comparable changes in Tc. Specific
heat measurements on samples that showed clear resistive signatures of a superconducting tran-
sition did not show any signature of a superconducting phase transition, which suggests that the
superconductivity observed in this compound is either some sort of filamentary, strain stabilized
superconductivity associated with small amounts of stressed YFe2Ge2 (perhaps at twin boundaries
or dislocations) or is a second crystallographic phase present at levels below detection capability of
conventional powder x-ray techniques.
I. INTRODUCTION
Unconventional superconductivity is frequently found
in the vicinity of magnetism.1 Often, when this hap-
pens, spin fluctuations are thought to be the pairing
glue that leads to superconductivity. Recently, the Fe-
based superconductors2 were discovered where the or-
der parameter changes its sign at different parts of the
Fermi surface.3 For this class of compounds, supercon-
ductivity appears when the antiferromagnetic ordering
is adequately suppressed by chemical doping or mechan-
ical pressure. Whereas the AEFe2As2 (AE=Ba,Sr,Ca)
based superconductors are quite robust and do not man-
ifest pathologically strong suppression of superconduct-
ing transition temperature, Tc, by small scattering, some
non-s-wave superconductors are very susceptible to com-
plete Tc suppression by scattering associated with rela-
tively low residual resistivity values. For instance, the
critical residual resistivity values (above which no super-
conductivity is found) are 1 and 20 µΩcm for Sr2RuO4
(Ref. 4) and CeCoIn5,
5,6 respectively.
The discovery of high Tc superconductivity in the
AEFe2As2 refocused attention on Fe-bearing compounds
with ThCr2Si2 structure, especially ones that manifest
reduced moment magnetic ordering. The isostructural
YFe2Ge2 (Ref. 7 and 8) was an obvious candidate for at-
tention. The temperature dependent resistivity exhibits
metallic behavior with the residual resistivity ratio of
∼30 along the ab-plane in single crystal samples grown
out of Sn flux.8 Whereas it is lacking any transitions
down to 2 K, it does exhibit a large Pauli paramagnetic
susceptibility and the Sommerfeld coefficient of 3×10−3
emu/mol and >∼ 60 mJ K
−2mol−1, respectively.8 For
comparison, the similar transition metal bearing com-
pounds, YCo2Ge2 (Ref. 9) and YNi2Ge2 (Ref. 10)
are typical metals. Interestingly, the lutetium vari-
ant of YFe2Ge2, LuFe2Ge2, exhibits a transition at 10
K, which was attributed to antiferromagnetic transition
due to Fermi surface nesting,8,11,12 similarly with parent
compounds of the Fe-based superconductors. Based on
these observations Ran et al. performed extensive sub-
stitution studies on Lu1−xYxFe2Ge2 and found that Y-
substitution for Lu suppresses the magnetic transition.13
The critical concentration, at which the antiferrormag-
netic transition is suppressed to zero temperature, is
x ≈ 0.20.13 Although, in some cases, this is where a max-
imum Tc is expected to be found,
14 no superconductivity
was observed in Lu0.814Y0.186Fe2Ge2 down to 2 K.
13 In
light of these studies, the recent preprint by Zou et al.15
presenting resistivity data on polycrystalline samples of
YFe2Ge2 with a reported Tc value of 1.8 K was of specific
interest.
The Cambridge University group of Zou et al. reported
the observation of abrupt changes in both electrical and
magnetic properties at low temperatures in a polycrys-
talline sample of YFe2Ge2 fabricated via arc melting and
a subsequent annealing at 800◦C. The electrical resistiv-
ity drops to zero, and the sample expels weak magnetic
fields at low temperatures (T < 1.8 K),15 which is consis-
tent with the presence of a superconducting phase in this
sample.15 If this superconductivity is found to be bulk
and intrinsic to YFe2Ge2, then this stoichiometric com-
pound could possibly be added into the class of Fe-based
superconductors as a new member with its electron count
being equivalent to the nodal superconductor KFe2As2,
16
which is one of the rare examples of undoped supercon-
ductors among the Fe-based ones. However, there is, to
date, no evidence for bulk superconductivity in YFe2Ge2.
Finding superconductivity in YFe2Ge2 is intriguing
particularly because the compound has high density of
states at the Fermi level as inferred from the large
Sommerfeld coefficient8,15 and the electrical resistivity
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FIG. 1. Powder x-ray patterns of as-grown and annealed at
500◦C and 800◦C samples. Note: whereas the as-grown and
800◦C-annealed samples do not have resistive signatures of
superconductivity, the 500◦C annealed samples do have them
(see text).
varies as ρ(T ) ∝ T 1.5, which is possibly due to prox-
imity of this compound to a magnetic quantum criti-
cal point.15,16 Based on results of first-principle calcula-
tions, the superconductivity observed in this compound
is compatible with either the sign-changing multi s-wave,
so-called s±-wave,
17 or spin fluctuation mediated spin
triplet superconductivity,16 some of which might have
the superconducting transition temperature depending
sensitively on disorder. However, there has been no sys-
tematic work on the relation between the superconduct-
ing transition temperature and the impurity scattering in
YFe2Ge2. Also, the maximum residual resistivity ratio
in the single crystal samples remains about 30 (Refs. 8
and 13) whereas the polycrystalline samples that man-
ifest signatures of superconductivity in transport data
have RRR values between 30 and 50.15
In this work we report on improving the residual re-
sistivity ratio (RRR) of single crystalline YFe2Ge2 up
to ∼60 by modifications in growth as well as by post
growth annealing. We find that samples with RRR val-
ues greater than 34 manifest signatures of a supercon-
ducting transition in transport data, but improvements
of RRR from 34 to 63 do not lead to any systematic
changes in Tc. Specific heat was measured on samples
which show relatively sharp, resistive superconducting
transitions at temperature ∼1 K, but no anomaly as-
sociated with superconductivity was observed down to
0.4 K. The absence of features in specific heat suggests
that the superconductivity observed in this compound
is either of filamentary, strain stabilized superconductiv-
ity associated with small amounts of stressed YFe2Ge2,
possibly at twin boundaries18,19 or dislocations or is a
second crystallographic phase present at level below our
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FIG. 2. (a) x-ray Laue backscattering pattern for YFe2Ge2,
showing a four-fold rotation symmetry of the [001] direction.
Horizontal axis is a [100] direction. (b) A sample that was
used to collect the Laue-back-reflection pattern.
detection capability.
II. EXPERIMENTAL
Single crystals of YFe2Ge2 were grown out of Sn
flux.8,13,20 The elements were mixed together into a 2
ml Al2O3 crucible according to the ratio Y:Fe:Ge:Sn ≈
1:2.4:2:95 with the mass of Sn being typically ∼5 g. The
crucible with starting elements was sealed in a fused-silica
ampule under a partial argon atmosphere. The ampoule
was then placed in a box furnace. The elements were
dissolved and mixed in molten Sn by holding the tem-
perature at 1190◦C for 2 hours, then the crystals grew
while the melt cooled over at least four days to the de-
canting temperature which varied from 300◦C to 550◦C,
at which point the ampoule was quickly removed from
the furnace, and the molten Sn flux was decanted using
a centrifuge.20 All samples were etched in concentrated
HCl for about 30 min to remove residual Sn from the
crystal surface before any measurements were done.
For annealing, samples were placed into an alumina
combustion boat. The boat was then placed into a fused-
silica tube that was continuously pumped on by a turbo-
molecular pump maintaining pressures lower than 10−6
torr throughout the annealing time. The tube containing
the alumina boat and samples was heated up to a desired
temperature between 400◦C and 800◦C for a desired pe-
riod of time, typically a week.
Powder x-ray diffraction measurements were per-
formed at room temperature using a Rigaku Miniflex
diffractometer with Cu Kα radiation. Diffraction pat-
terns were taken on ground single crystals of as-grown
samples decanted at 550◦C and samples annealed at tem-
peratures 500◦C and 800◦C. All lines can be indexed to
the reported YFe2Ge2 structure, and no extra lines ap-
pear as a result of annealing as shown in Fig. 1.
The x-ray Laue-back-reflection pattern was taken with
a MWL-110 camera manufactured by Multiwire Labora-
tories. Figure 2 presents an x-ray Laue backscattering
pattern and a single crystal of YFe2Ge2 used to collect
this pattern respectively. Figure 2(a) shows a four-fold
rotation symmetry and four mirror planes, with 45◦ an-
3gles between each other, of the c-axis. The [100] direc-
tions are along the naturally formed edges of the single
crystal shown in Fig. 2(b).
For in-plane electrical transport measurements, rectan-
gular samples were cut with a wire-saw out of plate-like
single crystals. Once cut, the samples were cleaned us-
ing acetone and ethanol. If needed, the sample-surfaces
were polished by sanding on a silicon carbide paper with
4000 grit. Electrical contacts to the samples were made
using Epotek H20e silver epoxy and platinum wires in
a standard four-probe geometry. The epoxy was cured
for approximately 30 min at 120◦C. The typical con-
tact resistance is about 0.5 - 1.0 Ω at each contact.
An Oxford Instrument dilution refrigerator, a CRYO In-
dustry of America, Inc. 3He cryostat and a Quantum
Design Physical Property Measurement System (PPMS)
were employed to measure in-plane resistivity over the
temperature range between 50 mK and 305 K. For the
PPMS, its internal resistance bridge was used with the
AC transport option. For the other cryostats, a Lake
Shore AC resistance bridge model 370 (LS370) was used.
The small mismatch between data taken by the PPMS in-
ternal bridge and LS370 was corrected by vertically shift-
ing the LS370-data to match with the PPMS-data.
Specific heat measurements were performed in a Quan-
tum Design PPMS with a 3He cooling option allow-
ing measurements down to 0.4 K, using the relaxation
calorimetry technique. Before measuring specific of a
sample, background data (addenda) were taken with a
small amount of Apiezon N grease which was subse-
quently used to mount the sample.
III. RESULTS AND DISCUSSION
A. RRR vs. growth details
In order to maximize the residual resistivity ratio,
RRR, several parameters were tuned in the growth
profile. The tuning parameters include the decanting
temperature, cooling rate, and additional residing time
in molten Sn after a desired decanting temperature is
reached (annealing in solution). Figure 3 shows normal-
ized resistances R(T )/R(300K) of the six representative
samples grown with various conditions. The resistance
measurements were made on unpolished samples. Panel
(a) shows the data on a full temperature range. All
samples behave roughly the same in this scale. How-
ever, small deviations start developing around 150 K
upon cooling. The effects of the different growth condi-
tions are more obvious at low temperatures as displayed
in Fig. 3(b). The sample, cooled at a rate of 7◦C/hr
and immediately decanted at 550◦C, shows the smallest
R(300K)/R(1.8K)≡RRR ≈ 29. RRR can be enhanced
by keeping single crystals in molten Sn before decanting.
RRR values of 39 and 48 can be achieved with wait-time
of 48 and 192 hours, respectively, before decanting. Al-
ternatively, even higher RRR can be achieved by decant-
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FIG. 3. RRR vs. growth details. (a) Normalized resistance
R(T )/R(300K) vs. T of samples grown by various conditions,
showing an almost identical temperature variation over wide
temperature ranges. The growth conditions are represented
by (x, y, z) where x, y, and z are the decant temperature, cool-
ing rate, and the time for which crystals resided in molten Sn
at the desired decanting temperature until the actual decant-
ing. (b) Enlarged, low temperature data from curves shown
in the upper panel.
ing at lower temperatures. Cooling samples in molten
Sn further down to 300◦C or 400◦C at the same rate in-
creases RRR to ∼60, which is almost twice as large as the
previously reported values in the single crystals.8,13,15 On
the other hand, slower cooling with the rate of 3.5◦C/hr
to 300◦C does not further improve the RRR.
For more statistics, 4 to 7 samples were measured from
each batch, and the results are summarized in Fig. 4.
Fig. 4(a) shows RRR of the samples which were kept in
molten Sn for a desired time at 550◦C before decanting.
Other than variation of the residing time in molten Sn,
the growth profile is identical to that used in Refs. 8 and
13. The average RRR values are 39, 41, 35, and 48 for
0, 48, 92 and 192 hours, respectively. Whereas an 192
hr dwelling time in molten Sn slightly improves the RRR
value, there is, at best, a weak dependence of RRR on
this parameter.
Next, we changed the decanting temperature while
other parameters were fixed. Figure 4(b) shows RRR
4300 400 500
40
60
80
1 2 3 4 5 6 7
40
60
80
0 50 100 150 200
40
60
80
polished
not polished
 
R
R
R
 =
 R
(3
00
K
)/R
(1
.8
K
)
decanting temperature (oC)
(b) cooling rate 7oC/hr
R
R
R
 =
 R
(3
00
K
)/R
(1
.8
K
)
cooling rate (oC/hr)
(c) decant at 300oC
decant at 550oC
cooling rate 7oC/hr 
R
R
R
 =
 R
(3
00
K
)/R
(1
.8
K
)
 
time in molten Sn (hr)
(a)
FIG. 4. RRR vs. growth details. (a) Residing time in
molten Sn after cooling to 550◦C with a fixed cooling rate of
7◦C/hr. (b) Decanting temperature with a fixed cooling rate
of 7◦C/hr without any additional time in molten Sn. Open
and solid symbols correspond to unpolished and polished
samples, respectively. (c) Cooling rate to the immediate-
decanting T = 300◦C.
as a function of decanting temperature. Open and solid
symbols represent RRR in unpolished and polished sam-
ples, respectively. The average RRR values are 52, 53,
and 32 for decanting temperatures of 300◦C, 400◦C and
550◦C, respectively. This result clearly shows that de-
canting at 300◦C and 400◦C is better than decanting at
550◦C. It is noteworthy that RRR in polished samples
shows somewhat smaller values in all batches tested here.
Lastly, we changed the cooling rate with a fixed de-
canting temperature of 300◦C. Figure 4(c) shows RRR
versus various cooling rates of samples from three differ-
ent batches decanted immediately at 300◦C. The aver-
age RRR values are 52, 51, and 48 for the batches with
cooling rates of 7◦C/hr, 3.5◦C/hr and 1.7◦C/hr, respec-
tively. There is practically no effect of slowing the cool-
ing rate on RRR within error bars over the RRR-ranges
tested. We would like to note, though, that the thick-
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FIG. 5. Effect of polishing. (a) Change in RRR of as-grown
samples after polishing. (b) The normalized values by the
initial RRR values of the pristine samples.
ness of plate-like single crystals increases up to 0.4 mm
with the slowing of the cooling rate, which may allow
direct transport measurements with current along the c-
direction.
From these experiments, we may conclude that de-
canting at temperatures between 300◦C and 400◦C with
any cooling rate between 7◦C/hr and 1.7◦C/hr gives the
largest RRR values.
B. Sample polishing effect on RRR
Noting that we found smaller RRR in polished sam-
ples (Fig. 4b), we examined the effect of polishing on
the samples by measuring RRR before and after polish-
ing. Four samples with different initial RRR varying
between 38 and 60 were selected. After the first resis-
tivity measurements on as-grown samples, the samples
were polished into thin, long bars. The following ex-
periments were done with the new contacts on freshly
polished surfaces. In each cycle, the samples underwent
a brief heating at 120◦C for typically 30 minutes in ad-
dition to polishing to attach contacts (see Experimental
methods). Effects of this 120◦C curing were checked sep-
arately by re-measuring a resistivity-bar with contacts
after annealing at the same temperature for 30 minutes,
and there were no detectable effects on the resistivity
measurements.
The results of sequential polishing on six samples are
summarized in Fig. 5. Regardless of initial RRR, the
first polishing reduces RRR. The second polishing also
reduces RRR except for one sample that is represented
by square symbols. A third polishing for two samples re-
duces RRR to about 75% of the initial RRR values. The
normalized scale shown in Fig. 5(b) reveals that RRR is
reduced by ∼10% by initial polishing and further (up to
25%) by subsequent polishing. This result clearly demon-
strates that these samples are relatively easily degraded
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FIG. 6. Evolution of RRR upon annealing. (a) Change in
RRR by annealing with contacts for 168 hours at T = 400◦C,
500◦C, and 550◦C, represented by dotted, dashed, dot-dashed
lines, followed by a subsequent annealing at 600◦C for addi-
tional 240 hours, indicated as solid lines. For comparison the
average RRR of the samples annealed in molten Sn of tem-
perature 550◦C is added to the plot (starred symbol). (b)
Another set of samples were measured as as-grown first, fol-
lowed by polishing and annealing without electrical contacts
at 550◦C for 168 hours. The intermediate RRR values are
estimated by applying 11% reduction on initial RRR values
in unpolished, pristine samples.
by light mechanical work, likely forming dislocations or
similar defects.
C. Annealing effect
To investigate the effects of post growth annealing,
two sets of samples were prepared with initial RRR val-
ues varying between 30 and 60. The results of the re-
sistivity measurements done on the first set of samples
are displayed in Fig. 6(a) (annealing time = 0). These
samples were cut and polished before these initial resis-
tivity measurements. They were subsequently annealed
together with the contacts which include platinum wire
and a small amount of silver epoxy. First, three pairs of
samples were annealed at three different temperatures of
400◦C, 500◦C, and 550◦C for 168 hours, and the change
in RRR is indicated in dotted, dashed, and dashed-dot
lines, respectively. Whereas annealing at 400◦C (dotted
lines) is not so effective, annealing at higher tempera-
tures shows clear enhancement in RRR. For comparison
the average RRR of the samples annealed in molten Sn
of temperature 550◦C for 192 hours is also shown on the
plot (starred symbol), which shows almost the same ef-
fect as 550◦C-annealing of the samples with the contacts.
Subsequently, all samples were annealed at 600◦C for ad-
ditional 240 hours, and the result is shown in solid lines
in Fig. 6(a). All samples show enhanced RRR, although
the effect is rather small for the samples with initial RRR
less than 35.
Although presence of silver and platinum for contacts
does not seem to affect RRR, judging from the simi-
lar results with annealing in molten Sn, we investigated
annealing effect for another set of samples which were
annealed without contacts. Eleven samples were se-
lected from various batches, and resistivity measurements
were made on as-grown, unpolished samples. After the
first resistivity measurements, each sample was polished
into a bar shape. Subsequently, they were annealed at
550◦C for 168 hours. RRR of each sample after polish-
ing was estimated by applying the approximate reduction
rate of 11± 2 % determined in Section III B. The evolu-
tion of RRR during this experiment is presented in Fig.
6(b). There is some sample dependence, but overall the
results are similar to the ones shown in Fig. 6(a). More
importantly, though, when we compare the RRR vales
of the pristine samples to those of the polished and an-
nealed ones we find very little overall change. It becomes
clear that the annealing is most likely repairing the dam-
age introduced during polishing, provided the estimated
reduction in RRR is applicable for these samples.
In addition, several samples were annealed at
700◦C and 800◦C for two days, and we found that RRR
of these samples decreased to ∼20.
D. Superconductivity
1. Resistivity measurements
A representative set of R(T )/R(300K) data (T < 2.5
K) of as-grown and annealed samples data are presented
in Fig. 7. All samples displayed in the figure are obtained
by immediate decanting at T = 550◦C. A typical RRR of
as-grown samples is about 30 with a small variation. As-
grown samples do not exhibit any signature of supercon-
ductivity down to 50 mK. Annealing at temperatures of
500◦C and 600◦C for 7 and 10 days, respectively, induces
a superconducting transition, and annealing at the higher
temperatures is more effective. Representative supercon-
ducting transition temperatures, Tc, induced by anneal-
ing at 500◦C and 600◦C are 0.6 K and 0.9 K shown as
upward-and downward-triangles, respectively, shown in
in Fig. 7. Here Tc is defined at the midpoint of T
onset
c
and T offset
c
, i.e., Tc = (T
onset
c
+ T offset
c
)/2 (see the inset
of Fig. 7). However, as discussed above, annealing at
800◦C for a week is apparently disadvantageous because
RRR decreased to ∼20.
Figure 8 shows R(T )/R(300K) of the samples which
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FIG. 7. R(T )/R(300K) for representative as-grown (decanted
at 550◦C) and annealed samples shown in open and solid sym-
bols, respectively.
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represented by open and solid symbols, respectively. Samples
shown in (a),(c) and (b),(d) are from two batches which were
decanted at 400◦C and 300◦C, respectively.
are decanted at 400◦C and 300◦C in (a), (c) and (b), (d),
respectively. Unlike the batch decanted at 550◦C, the
samples in these batches all show a signature of super-
conducting transition with greatly enhanced RRR. Up-
per panels (a) and (b) show the normalized resistance in
as-grown, polished samples in open symbols, which show
a complete transition with Tc ≈ 0.75 K for both sam-
ples. Tc can be increased by annealing at temperatures
between 400◦C and 600◦C accompanied by increase of
RRR values as shown in solid symbols.
On the other hand, some as-grown, unpolished samples
do not show a full transition as shown in Figs. 8(c) and
8(d) even though they exhibited much greater RRR. The
relation between polishing and full-transition is not clear
at the moment although this may indicate that super-
conductivity is an artifact associated with damaged or
strained surfaces, in some manner similar to the case of
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FIG. 9. Tc vs. R(300K)/R(1.8K). Open and solid sym-
bols represent as-grown and annealed samples, respectively.
The circles represent samples which are not superconduct-
ing in as-grown form and the triangles represent samples
which show signature of superconducting transition in as-
grown form. The five samples with RRR≈55 marked by open
stars were used for heat capacity measurements described in
Section (IIID 2).
spurious superconductivity in ZrZn2.
21 After the first re-
sistivity measurements on unpolished surface, these two
samples were polished into a bar-shape and subsequently
annealed at 550◦C for a week. After annealing, the sharp
superconducting transition is evident at Tc = 1.1 K, but
with slightly decreased RRR values for both samples.
Figure 9 summaries the relation of Tc and RRR for
all samples studied. Open and solid symbols represent
as-grown and annealed samples, respectively, and the
length of the vertical error bars is the width of supercon-
ducting transition, i.e., temperature difference between
T onset
c
and T offset
c
. The red, circular symbols represent the
batches decanted at 550◦C, and the as-grown samples
in the batch do not show any signature of superconduc-
tivity. The superconductivity observed in the samples
from this batch was achieved by annealing at tempera-
tures of 500◦C and 600◦C. The blue triangles represent
the batches in which as-grown samples show supercon-
ductivity as indicated in open triangles. Overall, super-
conductivity appears in samples with RRR > 34, and
annealing at temperature ∼550◦C gives Tc values up to
1.2 K.
It should be noted, though, that beyond and appar-
ent minimum RRR value, there is essentially no effect of
RRR on Tc, i.e., Tc is independent of RRR for a range
between 34 and 63.
In Figure 10, we compare ρ(T ) data for one of our
crystals to a polycrystalline sample from Ref. 15. The
polycrystalline sample15 shows greater ρ0 than the sin-
gle crystal sample annealed at 550◦C and a higher T onset
c
with a significantly broader width of transition leading
to a lower T offset
c
. ρ0 was determined by extrapolating
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FIG. 10. Temperature dependence of resistivity, ρ(T ), at low
temperatures (T < 3 K). The data shown by solid circles
are from one of samples annealed at 550◦C. The data shown
by open circles are taken from Ref. 15 for comparison. The
dashed lines are determined by fitting the data to a power-law
function, ρ(T ) = ρ0 + AT
n with ρ0, A, and n being fitting
parameters.
normal state ρ(T ) data below 10 K using a power-law
function, ρ(T ) = ρ0 + AT
n, and the determined ρ0 is
3.38 and 4.45 µΩcm for the single crystal sample and
the polycrystalline sample, respectively. The values of
(n, A) obtained from the fitting procedure are (1.4, 0.10
µΩcm/K1.4) and (1.5, 0.06 µΩcm/K1.5) for the single
crystal and polycrystalline samples, respectively.
It is noteworthy that the temperature variation of in-
plane resistivity of single crystalline samples in a temper-
ature range below 10 K is ∆ρ(T ) ∝ T n with n varying
between 1.4 and 1.6, similarly with the observed value in
the polycrystalline sample.15
2. Specific heat measurements
In order to test for bulk rather than filamentary or
second phase superconductivity, temperature dependent
specific heat Cp was measured first on a sample (S#1)
with mass of 6 mg annealed at 550◦C for 7 days. Low
temperature Cp/T of this sample is shown in blue, open
circles in Fig. 11. It has weak temperature dependence
which is slowly increasing upon cooling, and is consistent
with the data taken on a polycrystalline sample.15 The
data of the Cp(T ) at higher temperatures show excellent
agreement with the results presented in Ref. 8 (data not
shown). This implies that the annealing does not affect
normal state properties. Sommerfeld coefficient was de-
termined to be 100 mJ/mol·K2, which is consistent with
that reported in Refs. 8 and 15. The resistive supercon-
ducting transition in this sample was checked after Cp
measurement was done, and the normalized resistance
data, R(T )/R(2K), at low temperatures with T offset
c
≈ 0.7
K (0.49 K2 in Fig. 11) is shown in the right vertical axis
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FIG. 11. Specific heat and resistivity in YFe2Ge2. S#1 rep-
resents measurements on a sample with mass 6 mg shown in
open circles and dashed-dot lines for Cp/T and R(T )/R(2K),
respectively. S#2 represents measurements done on a col-
lection of 5 small samples with total mass of 2.5 mg shown
in solid circle and lines, for Cp/T and R(T )/R(2K), respec-
tively. The open and solid starred symbols represent BCS
weak-coupling predictions of a specific heat jump for S#1
and S#2, respectively.
in Fig. 11. An expected specific heat jump, ∆Cp, esti-
mated in the BCS weak-coupling limit, ∆Cp = 1.43γTc,
22
is marked in a blue, open star.
Another specific heat measurement (S#2) was done on
five selected samples with a relatively sharp transition in
their resistivity measurements, marked by open stars in
Fig. 9. Electrical contacts were carefully removed before
the specific heat measurement. Total mass of the sam-
ples was 2.5 mg, including a small amount of cured silver
epoxy from the contacts. Cp/T data of the samples at
low temperatures are shown in Fig. 11 along with the
normalized resistivity curves (solid lines) for each sam-
ple on the right vertical axis. Although these samples
have sharper transitions than that shown by Zou et al.,15
the Cp(T ) data display no apparent anomaly across the
temperature region where the resistivity data show clear
superconducting transitions. A BCS prediction is also
marked in a red, solid star by using the same BCS rela-
tion.
Both measurements suggest that the superconducting
transition observed in resistivity is not bulk but is either
associated with a filamentary second phase or some sort
of surface strain stabilized superconductivity. Given the
fact that our x-ray results on superconducting and non-
superconducting samples are practically identical within
detection limit, formation of a secondary phase in the
twin boundary which is typically sub-micron thick,23
could be responsible for the resistive superconducting
transition.
8IV. SUMMARY AND CONCLUSIONS
We report on improving the residual resistivity ratio
(RRR) of YFe2Ge2 grown out of Sn up to 60 by tun-
ing growth profile as well as by post growth annealing.
We found decanting molten Sn at temperatures between
300◦C and 400◦C is very effective in enhancing RRR up
to ∼60. In addition, post growth annealing at tempera-
ture ∼550◦C enhances RRR up to 60, as well. However,
as-grown samples show a strong dependence on polishing,
and reduction of RRR upon polishing was determined to
be approximately 10% in as-grown samples. We observed
a resistive superconducting transition in samples with
RRR greater than 34 and residual resistivity less than
5 µΩcm. The Tc was found to be as high as 1.2 K with a
relatively sharp transition compared to the transition in
a polycrystalline sample, but the onset of the transition
is somewhat lower in the single crystal sample. However,
improvements of RRR from 34 to 60 do not lead to any
systematic changes in Tc. Specific heat was measured in
samples which show relatively sharp, resistive supercon-
ducting transitions at temperature∼1 K, but no anomaly
associated with superconductivity was observed down to
0.4 K. The absence of features in specific heat suggests
that the superconductivity observed in this compound is
either of filamentary, strain stabilized superconductivity
associated with small amounts of stressed YFe2Ge2 pos-
sibly at twin boundaries or dislocations or is a second
crystallographic phase present at level below our detec-
tion capability.
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